Environmental effects on ovulation and embryogenesis in Rana pipiens were assessed using both freshly-captured fall animals and laboratory-conditioned females which had undergone vitellogenesis in the laboratory. Frogs in both categories were divided into two groups. Ovulation was hormonally induced in one group of females prior to cold exposure and in the second group of animals following an 8-week period at 4°C with an 8L 16D photoperiod. The incidence of both ovulation and normal embryonic development was increased following exposure of the animals to low temperatures and short daylength. Those animals which only partially ovulated prior to cold treatment did not respond to hormone injections following the period of cold exposure. Examination of the ovaries of these females revealed a much greater degree of oocyte resorption than was found in frogs whose initial ovulation was induced only after exposure to cold temperatures. The administration of ovulation-inducing hormones prior to artificial hibernation may thus have initiated a phase of oocyte resorption which progressed even at 4°C.
Rana temporaria requires 20 days at -5°C in order for "normal reproduction" to occur. Prolonged cold exposure does not appear to be an absolute requirement for ovulation and oocyte maturation in the northern leopard frog, R. pipiens, and fertilizable eggs have long been obtained from prehibernatory fall animals (Rugh, '35) if the appropriate hormonal stimuli are administered (Rugh, '62; Wright and Flathers, '61) . However, external factors such as temperature and light have apparent regulatory roles in amphibian reproduction (Salthe and Mecham, '741, and the present paper describes environmental conditions which influenced both the inci-J. EXP. ZOOL., 199: 51-56.
the two groups were exposed during dence of ovulation and the subsequent development of fertilized eggs.
MATERIALS AND METHODS

Animals
Freshly-captured adult R. pipiens females, received from Vermont in mid- April, 1975 , were induced to ovulate (3,000-6,000 eggs) two days after their arrival. During subsequent vitellogenesis they were maintained at room temperature under conditions previously described (Nace, '68; Nace et al.,  '74) and were fed crickets three times per week. In late Sep- tember, five of these laboratory-conditioned frogs were injected for ovulation. 3The animals used in this study were maintained in facilities that are fully accredited by the American Association for Accreditation of Laboratory Animal Care (AAALAC).
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Forty-eight hours later they were stripped of ovulated eggs and both the injected and uninjected animals were placed at 16°C to begin acclimation to cooler temperatures.
A second group offemales from the same source was obtained on 24 September, 1975. After five days at room temperature and two meals of live crickets, eight of these animals were administered hormones to induce ovulation. After 48 hours, ovulated eggs were expressed and both the injected and uninjected animals were first placed at 16"C, and then at 10°C and 4°C as described below.
Following exposure to cold both previously injected and non-injected animals received exogenous hormones to stimulate ovulation. Experiments using the springand fall-captured groups took place within a week of each other, and body weight and snout-vent length data were collected on all animals just prior to ovulation.
During the experimental period, observations were made of the condition of the oocytes in the ovaries of animals which died and of other animals which were pithed .
Hormone preparation and administration Pituitaries from R. pipiens females were homogenized in distilled water and frozen in aliquots at a concentration equivalent to two pituitaries/0.2 ml. To induce ovulation each frog received an intraperitoneal injection of 0.2 ml of pituitary homogenate and 5.0 mg of progesterone.
Environmental conditions
Prior to cold exposure the animals were housed at room temperature (22-25°C) on a natural photoperiod. Temperatures were decreased gradually and the animals spent two days at both 16°C and 10°C before being finally maintained at 4°C for eight weeks. Photoperiod was fixed at 8L 16D at all temperatures below room temperature. While in the cold, the females were kept in plastic pans containing 8 cm of water which was changed every two weeks. Following exposure to cold the animals were LEHMAN subjected to increasing temperatures by spending two days at both 10°C and 16°C. After two days at room temperature and a natural photoperiod the animals were injected for ovulation.
Fertilizations
When ovulated eggs were to be fertilized, a sperm suspension was prepared from the excised testes (Rugh, '62 ) of a mature Vermont R. pipiens male. In each instance the sperm showed a high degree of motility. All ovulated eggs were counted and 100-200 eggs from each frog were used in test fertilizations. Iffewer than 100 eggs were ovulated, all eggs were inseminated.
The embryos were maintained in dechlorinated water and observations were made of their development. At the time of hatching (Shumway stage 20) the number of normal embryos was recorded.
RESULTS
Animals captured in the fall
(vitellogenesis in the field) The attempt to induce ovulation in late September in freshly-caught R. pipiens was only partially successful (table 1, I). Although five out of eight animals ovulated, they produced few eggs. When re-injected after cold treatment, neither the animals which had previously ovulated nor the one which had previously failed to ovulate showed significant responses to hormonal stimuli (table 1, IIA). Of the 47 eggs artificially inseminated only 26 appeared to rotate and no cleavage was observed.
Following cold treatment, ovulation occurred in seven of eight previously uninjected females (table 1, IIB). Both the number of eggs ovulated per female and the percentage of eggs which developed to stage 20 increased significantly. Group comparison t-tests were used in the statistical analyses.
Among the eggs ovulated prior to cold exposure, many showed abnormal cleavage and exogastrulation. Following the cold treatment such developmental aberrations were negligible. Mortality only occurred among the animals which received hormones prior to cold treatment. Among these, one frog was found moribund at 4°C and two others died less than 24 hours after being returned to room temperature. Examination of the ovaries of these animals immediately after death revealed the presence of large numbers of resorbing oocytes which showed no indications of polarity.
Following ovulation assessment, two females from both groups IIA and IIB (table 1) were killed. Three of the four frogs had not ovulated and one (from group IIB) had given only 79 eggs. The ovaries from those animals with no hormone injection prior to cold treatment (Group IIB) contained normally pigmented eggs ranging from 1.6 to 1.8 mm in diameter. Although there were signs of pigment migration, polarity was still evident and the eggs retained their discrete structure. Those frogs with hormone injections before cold treatment (group IIA) contained resorbing oocytes ranging from 1.2 to 1.8 mm in diameter. The eggs were extensively mottled and showed little evidence of their original polarity. Some areas of the ovaries appeared as solid gray masses. These were regions of most extensive resorption in which the oocytes were no longer discernable as discrete structural units.
Animals captured in the spring
(vitellogenesis in the laboratory) Of the animals which had undergone a cycle of vitellogenesis in the laboratory, four of five frogs injected prior to cold treatment responded to the hormonal stimulus (table 2, I). Although one of these frogs ovulated over 2,500 eggs, an average of 75 eggs per animal (R = 11-152) were expressed from the remaining three females. While these eggs rotated, development to the blastula and ultimately to the hatching stage was negligible. After cold exposure none of these animals responded to a second hormone treatment (table 2, IIA) and the ovaries of one frog which died at this time contained large numbers of eggs undergoing resorption.
Following cold treatment the mean number of eggs ovulated by previously uninjected animals (table 2, IIB) was twice the number obtained from females which had not been cold treated (group I). The percentage of eggs which developed to stage 20 was also higher. However, individual frogs varied greatly and the increase in the two parameters following cold exposure was not statistically significant. In each instance the development of eggs from animals which had undergone vitellogenesis in the laboratory was less than that of eggs from frogs which had been captured in the fall.
DISCUSSION
Exposure of R. pipiens to the specified changes in temperature and daylength increased both the number of eggs ovulated per frog and the percentage of normal embryos which developed from sample fertilizations. Several factors must influence the interpretation of these results: the specified photoperiod was strictly held for temperatures at or below 16T, while equally strict control of the photoperiod was not available for the frogs maintained at 22-25°C. Thus, the animals exposed to cold treatment and subsequently returned to room temperature experienced changes in daylength which could have affected their reproductive physiology.
Some data pertain directly to this question. In a preliminary study the preceding year, a group of newly-captured fall animals (N = 6) was maintained for eight weeks at room temperature with a photoperiod of 8L 16D (controlled by manually covering the containers with opaque material at the appropriate times). A similar group (N = 7) was exposed to reduced temperature with an 8L 16D photoperiod as described above. Those animals subjected to cold temperatures were not fed, while those at room temperature received three meals of live cricketdweek. The frogs maintained at room temperature but exposed to eight weeks of reduced daylength ovulated few eggs and the percentage of development to stage 20 was slightly less than 1% (results comparable to those obtained using control animals induced to ovulate immediately after their arrival in the laboratory). Cold-treated females exposed to the 8L 16D photoperiod ovulated significantly greater numbers of eggs and the percentage of development was 33% These data suggest that the 8L 16D photoperiod had little effect on ovulation and development. However, the difference in feeding regimes for the two groups precludes a definitive conclusion.
Conceivably changes in temperature or prolonged cold exposure alone may have significantly affected the reproductive parameters described. In vitro studies have indicated that hormone-induced ovulation and oocyte maturation increase progressively throughout hibernation and are maximal during the spring breeding season (Wright, '45; Masui, '67; Smith et al., '68) . The spontaneous spawning of R. temporaria during an extended period at 3-4°C (Allison, '56) indicates that at low temperatures changes in pituitary and/or ovarian function can occur.
Tchou and Wang ('63b) have suggested that prolonged cold exposure increases the sensitivity of the oocytes of B. asiaticus to pituitary gonadotropic hormones. Evidence now indicates that the latter stimulate the follicle cells of the amphibian ovary to secrete the steroid hormone(s) responsible for (1) the initiation of ovulation, (2) the breakdown of the germinal vesicle, and (3) the changes in the nucleus and cytoplasm which are essential for fertilization, cleavage and embryogenesis (Redshaw, '72; Schuetz, '74). Thus, in the present study changes in follicle cell-oocyte function may have ultimately affected oocyte maturation, ovulation and embryonic development.
Although the fertilizing capacities of the sperm preparations undoubtedly differed slightly throughout the investigation, the repeatability of the results indicates that this variability was not a primary factor responsible for developmental differences observed between eggs from artificially hibernated and non-hibernated females. For any given experimental group used during preliminary and confirming studies, embryonic development was consistently enhanced following cold exposure of the females.
The incidence of ovulation was similar in both wild-caught fall animals and those which had undergone vitellogenesis in the laboratory. Eggs from the latter, however, showed a much lower percentage of development to stage 20. Although this effect may have been related to the different dietary elements and environmental factors to which the two groups were exposed during oogenesis, it nevertheless suggests that those aspects of oocyte-follicle cell function on which ovulation depends need not be affected by the physiological conditions leading to the disruption or inhibition of embryogenesis. The functional dissociation of specific processes within the oocyte-follicle cell complex has been previously demonstrated, and, in R. pipiens, ovulation and oocyte maturation are not mutually interdependent events (Subtelny et al., '68) .
In neither the wild-caught fall frogs nor those which had undergone vitellogenesis in the laboratory was it possible to obtain significant numbers of eggs from coldtreated animals which had been injected for ovulation prior to cold exposure. The severe degenerative changes observed in the ovaries of such frogs suggested the possibility that the administration of gonadotropic or steroid hormones at that time initiated a phase of oocyte resorption which progressed even at 4°C. One wonders whether this was a pharmacological effect or whether in nature the hormones which stimulate ovulation also promote the resorption of those fully grown oocytes not extruded from the ovary. Little or no oocyte resorption would be expected during hibernation under natural conditions. In the laboratory even slight disturbance of the animals might elicit metabolic responses not found in over-wintering wild frogs.
Limited resorptive changes in the oocytes might also have contributed to the relatively low percentage (32.9%) of normal embryonic development observed in eggs from cold-treated females captured in the fall. Other factors may also have been involved, however, because in recent years both Amphibian Facility personnel and other investigators have observed reduced percentages of embryonic development both in the field (McKinnell: communications in Nace, '76, and Hine et al., '75) and in the laboratory (Smith, McKinnell, Dugan, personal communica- tions to the Amphibian Facility).
The percentage of development in the present study might also have been higher had the animals spent more time in the wild under conditions where they would have continued to feed. However, since little is known about environmental effects on reproduction and the sensitivity of the physiological system to external changes, it was advisable to utilize for this study animals which had not been exposed to the gradually decreasing temperatures which characterize the period of fall migration (Rittschof, '75) .
The data thus obtained indicate that changes in the external environment significantly affect both ovulation and embryogenesis. The precise mechanisms by which these processes are enhanced is unknown, and the relative roles of light and temperature on the reproductive cycle as a whole have not been elucidated. Most in vitro and in vivo studies to date have suggested that hibernation itself is not simply a means of preventing the deterioration of fully grown oocytes, but represents a time of ovarian activity which perhaps results from changes in hypothalamic and/or pituitary function.
